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(54) Antenna device and portable radio communication device 



(57) Providing an antenna device and a portable ra- 
dio communication device whose conductive plate for 
use in reducing the amount of the electromagnetic 
waves to be absorbed into a human body can be re- 
duced in size. The portable radio communication device 
1 includes a circuit board (not shown) necessary for per- 
forming radio communication, shield case 2 as a ground 
conductor which shields the circuit board, a conductive 



plate 3, an antenna feeding portion 4, and an antenna 
5. The circuit board, shield case 2, and conductive plate 
3 are enclosed by a housing (not shown) made of non- 
conductive material. The conductive plate 3 has its one 
end along the longitudinal direction connected to the 
shield case 2 to form a short circuit via the conductor 7, 
and has its other end electrically opened from the shield 
case 2. The conductive plate 3 has two slits 8a, 8b near 
the conductor 7. 
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Description 

[0001] The present invention relates to an antenna device and a portable radio communication device, and particu- 
larly to an antenna device and a portable radio communication device capable ot reducing electromagnetic waves 
5 which are generated therefrom and are to be absorbed into a human body. 

[0002] Recently, portable data transmitting/receiving devices capable of transmitting/receiving information by radio 
communication are significantly developed. Of the portable data transmitting/receiving devices, portable radio com- 
munication devices for use in the Cellular Telephone System and Personal Communication System etc. are spreading 
rapidly. 

10 [0003] As the portable radio communication devices spread rapidly, the number of communication lines in one radio 
communication system becomes insufficient. So, a radio communication system which shares another frequency band 
with another radio communication system is being under consideration to secure necessary communication lines. Thus, 
as the portable radio communication devices have been significantly reduced in size and weight, portable radio com- 
munication devices which can utilize two kinds of radio communication systems are being developed. 

15 [0004] Generally, a portable radio communication device has an antenna for transmitting/receiving signals. Actually, 
whole the conductive portions in the portable radio communication device work as antennas, and the main body of the 
portable radio communication device other than the antenna portion also generates electromagnetic waves. So, it is 
required that, of the electromagnetic waves generated from the portable radio communication device, those to be 
absorbed into a human body should be suppressed Specifically, of the electromagnetic waves generated from the 

20 portable radio communication device in use, amount of electromagnetic waves to be absorbed into a specific portion 
of a human body (radiation to a human body), particularly a head portion, per unit-time per unit-weight is defined as 
local average SAR (Specific Absorption Rate), and the maximum value of the local average SAR is required to be not 
more than a prescribed value. 

[0005] So as to reduce the maximum value of the local average SAR to be absorbed into a human body, a conductive 
25 plate of a predetermined shape may be used. In this case, the conductive plate has its one end connected to a ground 
conductor which works as an antenna to form a short circuit, and has its other end electrically opened from the ground 
conductor. As a result, input impedance of the electrically opened end becomes approximately infinite. At this time, 
high-frequency current flowing to the ground conductor is suppressed, and thus amount of radiation of the electromag- 
netic waves is reduced. 

30 [0006] Fig. t shows a schematic view of a portable radio communication device 30, which can reduce the maximum 
value of the local average SAR. The portable radio communication device 30 includes a circuit board (not shown) 
necessary for performing radio communication, a shield case 31 as a ground conductor which shields the circuit board, 
a conductive plate 32, an antenna feeding portion 33, and an antenna 34. The circuit board, shield case 31 , and 
conductive plate 32 are enclosed by a housing (not shown) made of nonconductive material. The conductive plate 32 

35 and shield case 31 are connected by a conductor 35 to form a short circuit. 

[0007] Since the circuit board is shielded by the shield case 31, various circuits including a transmitting/receiving 
circuit for communicating with a base station which are mounted on the circuit board do not have bad effects upon, 
each other, and also do not have bad effects upon the antenna 34 and other devices. 

[0008] The transmitting/receiving circuit on the circuit board in the shield case 31 generates transmission signals of 
40 a predetermined signal form, and sends the transmission signals to the antenna 34 via the antenna feeding portion 
33. Then, the antenna 34 transmits the transmission signals to the base station. The antenna 34 receives reception 
signals from the base station, and sends the reception signals to the transmitting/receiving circuit via the antenna 
feeding portion 33. Then, the transmitting/receiving circuit performs processing for the reception signals such as de- 
modulating. 

45 [0009] The antenna 34 is a rod antenna made of conductive wire materials, or a helical antenna made of conductive 
wire materials wound spirally. Otherwise, the antenna 34 may be an antenna of various types such as a stretch type 
antenna combining the rod antenna and helical antenna. When the portable radio communication device 30 performs 
radio communication, since the high-frequency current flows to the shield case 31 via the antenna feeding portion 33, 
not only the antenna 34 but also the shield case 31 as a ground conductor for the circuit board works as an antenna. 

so That is, whole the portable radio communication device 30 works as an antenna. 

[0010] When the portable radio communication device 30 is used, the user comes into contact with a speaker of the 
portable radio communication device 30. Since the shield case 31 as a ground conductor for the circuit board which 
is located behind the speaker also works as an antenna and radiates electromagnetic waves, there will be formed a 
portion where the value of the local average SAR becomes maximum around an ear of the user which comes into 

55 contact with the speaker and this portion will be referred to as a hot spot. 

[001 1 ] The portable radio communication device 30 has the conductive plate 32 arranged such that the speaker (not 
shown) faces the conductive plate 32, and the conductive plate 32 and a front surface 31 a of the shield case 31 are 
approximately parallel with each other with a slight interval therebetween. The interval between the conductive plate 



2 



EP1 172 884 A2 

32 and the front surface 31a of the shield case 31 depends on a radio communication frequency, and the portable 
radio communication device 30 can adjust the frequency bandwidth in accordance with the interval. 
[0012] The conductive plate 32 has its one end along the longitudinal direction connected to the shield case 31 to 
form a short circuit via the conductor 35. and has its other end electrically opened from the shield case 31 . The length 
5 L 5 between the short circuit forming end and the electrically opened end is set to be a quarter of the wavelength of the 
radio communication frequency. 

[0013] Accordingly, the impedance between the conductive plate 32 and the shield case 31 becomes close to zero 
at the short circuit forming end, while becoming approximately infinite at the electrically opened end. Thus, the high- 
frequency current has difficulty in flowing from the antenna feeding portion 33 to the conductive plate 32 and the shield 
10 case 31. 

[0014] As has been described, as an example to reduce the maximum value of the local average SAR to be absorbed 
into a human body, the portable radio communication device 30 mounts a conductive plate 32 thereto, and reduces 
the amount of radiation of the electromagnetic waves from the conductive plate 32 and shield case 31 . Thus, the local 
average SAR at the hot spot can be reduced: 
is [001 5] However, in the portable radio communication device 30, since the length L 5 between the short circuit forming 
end and the electrically opened end of the conductive plate 32 depends on the radio communication frequency in use, 
the length l_5 may be too large, which prevents a liquid crystal display or a keypad for operation from being appropriately 
arranged on a front surface of the portable radio communication device 30. 

[0016] It is therefore an object of the present invention to overcome the above-mentioned drawbacks by providing 
20 an antenna device and a portable radio communication device whose conductive plate for use in reducing the amount 
of the electromagnetic waves to be absorbed into a human body can be reduced in size. 

[0017] According to the present invention, there is provided an antenna device having an antenna element and a 
ground conductor which work as an antenna, in which the antenna element is fed via an antenna feeding portion and 
high-frequency current flows to the ground conductor via the antenna feeding portion, the antenna device comprising: 

25 high-frequency current suppressing means being a conductive plate of a predetermined shape which has its one 

end along one direction connected to the ground conductor to form a short circuit and has its other end electrically 
opened from the ground conductor, 

wherein the high-frequency current suppressing means has slits each extends perpendicular to the one direction. 
[0018] In the antenna device, the slits make the effective length of the conductive plate ( (2n+1 )/4) times the wave- 

30 length of a radio communication frequency, wherein n is a natural number including zero. 

[001 9] These objects and other objects, features and advantages of the present invention will become more apparent 
from the following detailed description of the preferred embodiments of the present invention when taken in conjunction 
with the accompanying drawings, in which: 

35 Fig. 1 shows a schematic view of a conductive plate mounted to the conventional portable radio communication 

device. 

Fig.2 shows a schematic view of a conductive plate mounted to a first embodiment of the portable radio commu- 
nication device according to the present invention. 

Fig.3 shows a schematic view of a portion where the value of the local average SAR of the electromagnetic waves 
40 generated from the first, second, and third embodiments of the portable radio communication device according to 

the present invention in use becomes maximum. 

Fig.4 shows a schematic view of a conductive plate mounted to the first embodiment of the portable radio com- 
munication device according to the present invention. 

Fig.5 shows a schematic view of a conductive plate mounted to a second embodiment of the portable radio com- 
45 munication device according to the present invention. 

Fig.6 shows a schematic view of a conductive plate mounted to a third embodiment of the portable radio commu- 
nication device according to the present invention. 

[0020] The portable radio communication device according to the present invention has mounted thereto a conductive 
50 plate of a predetermined shape at a predetermined position. Thus, even though either of radio communication frequen- 
cies is used by the portable radio communication device in a radio communication system in which two or more different 
radio communication frequencies can be used, of the electromagnetic waves generated from the portable radio com- 
munication device, the maximum value of the local average SAR (Specific Absorption Rate) to be absorbed into a 
specific portion of a human body (radiation to a human body) can be reduced. 
55 [0021] Preferred embodiments according to the present invention will further be described below with reference to 
the accompanying drawings. Fig.2 shows a schematic view of a first embodiment of a portable radio communication 
device 1 according to the present invention, whose conductive plate can be reduced in size by forming slits on the 
conductive plate. 
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[0022] The portable radio communication device t includes a circuit board (not shown) necessary for performing 
radio communication, shield case 2 as a ground conductor which shields the circuit board, a conductive plate 3, an 
antenna feeding portion 4, and an antenna 5. The circuit board, shield case 2, and conductive plate 3 are enclosed by 
a housing (not shown) made of nonconductive material. 
5 [0023] Since the circuit board is shielded by the shield case 2, various circuits including a transmitting/receiving 
circuit for communicating with a base station which are mounted on the circuit board do not have bad effects upon 
each other, and also do not have bad effects upon the antenna 5 and other devices. 

[0024] The transmitting/receiving circuit on the circuit board in the shield case 2 generates transmission signals of 
a predetermined signal form, and sends the transmission signals to the antenna 5 via the antenna feeding portion 4. 

10 Then, the antenna 5 transmits the transmission signals to the base station. The antenna 5 receives reception signals 
from the base station, and sends the reception signals to the transmitting/receiving circuit via the antenna feeding 
portion 4. Then, the transmitting/receiving circuit performs processing for the reception signals such as demodulating. 
[0025] The antenna 5 is a rod antenna made of conductive wire materials. When the portable radio communication 
device 1 performs radio communication, since the high-frequency current flows to the shield case 2 via the antenna 

is feeding portion 4, not only the antenna 5 but also the shield case 2 as a ground conductor for the circuit board works 
as an antenna. That is. whole the portable radio communication device 1 works as an antenna. So, the main body of 
the portable radio communication device 1 other than the antenna 5 portion generates electromagnetic waves. So, it 
is required that electromagnetic waves to be absorbed into a human body should be suppressed. Specifically, of the 
electromagnetic waves generated from the portable radio communication device 1 , amount of electromagnetic waves 

20 to be absorbed into a specific portion of a human body (radiation to a human body), particularly a head portion, per 
unit-time per unit-weight is defined as local average SAR (Specific Absorption Rate), and the maximum value of the 
local average SAR is required to be not more than a prescribed value. 

[0026] When the portable radio communication device 1 is used, the user comes into contact with a speaker, not 
shown, of the portable radio communication device 1, as schematically shown in Fig.3. Since the shield case 2 as a 

25 ground conductor for the circuit board which is located behind the speaker also works as an antenna and radiates 
electromagnetic waves, there will be formed a portion where the value of the local average SAR becomes maximum 
around an oar of the user which comes into contact with the speaker, and this portion will be referred to as a hot spot 6. 
[0027] So as to effectively reduce the maximum value of the local average SAR at the hot spot 6 : the portable radio 
communication device 1 has the conductive plate 3 arranged such that the speaker (not shown) faces the conductive 

30 plate 3, and the conductive plate 3 and a front surface 2a of the shield case 2 are approximately parallel with each 
other with an appropriate interval therebetween, as shown in Fig.2. The interval between the conductive plate 3 and 
the front surface 2a of the shield case 2 depends on a radio communication frequency, and the portable radio com- 
munication device 1 can adjust the interval in accordance with the frequency bandwidth. The conductive plate 3 has 
its one end along the longitudinal direction connected to the shield case 2 to form a short circuit via the conductor 7, 

35 and has its other end electrically opened from the shield case 2. The conductive plate 3 has two slits 8a, 8b near the 
conductor 7. 

[0028] Accordingly, the impedance between the shield case 2 and the conductive plate 3 becomes approximately 
infinite at the electrically opened end : while becoming close to zero at the short circuit forming end. Under this condition, 
the maximum value of the local average SAR at the hot spot 6 can effectively be reduced. That is, since the impedance 

40 between the shield case 2 and the conductive plate 3 gradually increases from the short circuit forming end to the 
electrically opened end, the high-frequency current corresponding to the radio communication frequency has difficulty 
in flowing in the shield case 2. So, the amount of radiation of the electromagnetic waves from the shield case 2 is 
reduced. Thus, the maximum value of the local average SAR at the hot spot 6 can be reduced. 
[0029] In the portable radio communication device 1 , the slits 8a, 8b of any shape can be used as long as the effective 

45 length of the conductive plate 3 becomes ( (2n+1)/4) times the wavelength of the radio communication frequency, 
wherein the "n" is a natural number including zero. That is. the effective length of the conductive plate 3 is an odd 
multiple of a quarter of the wavelength of the radio communication frequency. 

[0030] Next, specific values of the local average SAR obtained from an examination will be shown, in which the 
conductive plate 3 has its one end along the longitudinal direction connected to the shield case 2 via the conductor 7 
50 such that the interval between the conductive plate 3 and the front surface 2a of the shield case 2 becomes 5 mm, and 
slits of 1 mm in width and 11 mm in depth are formed on the conductive plate 3, and radio communication frequency 
of 1 .8 GHz is used. Table 1 shows the result of the values of the local average SAR obtained from the examination. 
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Table 1 





short circuit forming end -electrically opened end 


reduction rate of SAR 


slits not formed 


a/6 


0% 


A/4 


25% 


slits formed 


m 


15% 



10 [0031] In Table 1 , "A." is a wavelength. Firstly, the result when the slits are not formed on the conductive plate 3 is 
shown. As shown in Table 1 , in case the length L between the short circuit forming end and the electrically opened end 
is A/6, the reduction rate of the local average SAR is 0 %, which value is insufficient to reduce the local average SAR 
as compared with the case in which the conductive plate 3 is not arranged. In case the length L is A/4, the reduction 
rate of the local average SAR is 25 %. Secondly, the result when the slits are formed on the conductive plate 3 is 

75 shown. In case the length L is A/6, the reduction rate of the local average SAR is 1 5 %. As is apparent from the result, 
in case the slits are not formed, there is no effect of reducing the local average SAR when the length L is A/6. On the 
other hand, in case the slits are formed, there arises effect of reducing the local average SAR even though the length 
Lis A/6. 

[0032] Thus, by forming slits of a predetermined shape on the conductive plate 3, even though the length L between 
20 the short circuit forming end and the electrically opened end is less than a quarter of the wavelength of the radio 
communication frequency, the resulting effect can be similar to that of a case in which the length L between the short 
circuit forming end and the electrically opened end is a quarter of the wavelength of the radio communication frequency. 
Thus, in reducing the portable radio communication device 1 in size, forming slits on the conductive plate 3 is very 
effective. 

25 [0033] On the other hand, as shown in Fig.4, the conductive plate 3 may have an opening slit 8c. At this time, similar 
to the above-described slits 8a, 8b. the opening slit 8c of any shape can be used as long as the effective length of the 
conductive plate 3 becomes ( (2n+1)/4) times the wavelength of the radio communication frequency, wherein the V 
is a natural number including zero. 

[0034] Fig.5 shows a schematic view of a second embodiment of a portable radio communication device 1 0 according 
20 to the present invention. The fundamental configuration of the portable radio communication device 10 is similar to 
that of the portable radio communication device 1 , so the parts or components similar to those of the portable radio 
communication device 1 shown in Fig.2 are indicated with the same reference numerals, and detailed description will 
be omitted. 

[0035] In the second embodiment, even though either of radio communication frequencies is used by the portable 

35 radio communication device 10 in a radio communication system in which two or more different radio communication 
frequencies can be used, of the electromagnetic waves generated from the portable radio communication device 10, 
the maximum value of the local average SAR (Specific Absorption Rate) to be absorbed into a specific portion of a 
human body (radiation to a human body) can be reduced. The portable radio communication device 1 0 has a conductive 
plate 11 which can cope with two different radio communication frequencies. 

40 [0036] The conductive plate 11 also has its one end along the longitudinal direction connected to the shield case 2 
to form a short circuit via the conductor 7, and has its other end electrically opened from the shield case 2. The con- 
ductive plate 11 has a slit 12 which is formed by cutting off a part of the conductive plate 11 from the electrically opened 
end and slits 1 3a, 1 3b near the conductor 7. That is, the conductive plate 1 1 has two plate portions 1 1 a, 1 1b combined 
near the conductor 7 : one of which is of a length of L t and of a width of and the other of which is of a length of L 2 

45 and of a width of W 2 . In other words, the slit 12 separates the conductive plate 11 to form the two plate portions 1 1a, 11b. 
[0037] As is apparent from the first embodiment, by forming the slits 1 3a, 1 3b on the conductive plate 1 1 , the actual 
length of the conductive plate 11 can be less than a quarter of the wavelength of the radio communication frequency, 
while the effective length of the conductive plate 11 being a quarter of the wavelength of the radio communication 
frequency. That is : the Lg between the short circuit forming end and the electrically opened end of the plate portion 

50 11b is a quarter of the wavelength A2 of the second radio communication frequency of 1.8 GHz. On the other hand, 
since the slits 13a, 13b are formed, the L, between the short circuit forming end and the electrically opened end of the 
plate portion 11 a is less than a quarter of the wavelength A1 of the first radio communication frequency of 900 MHz. 
[0038] Thus, by forming slits of a predetermined shape on the conductive plate 11, the length between the short 
circuit forming end and the electrically opened end can be less than a quarter of the wavelength of the radio commu- 

55 nication frequency. So, in reducing the portable radio communication device 1 0 in size, forming slits on the conductive 
plate 11 is very effective. On the other hand, the conductive plate 11 may have an opening slit shown in Fig.4 instead 
of having the slits. 

[0039] Fig. 6 shows a schematic view of a third embodiment of a portable radio communication device 20 according 



5 



EP1 172 884 A2 

p 

, to the present invention. The fundamental configuration of the portable radio communication device 20 is similar to 
that of the portable radio communication device 1, so the parts or components similar to those of the portable radio 
communication device 1 shown in Fig.2 are indicated with the same reference numerals, and detailed description will 
be omitted. 

5 [0040] In the third embodiment, even though either of radio communication frequencies is used by the portable radio 
communication device 20 in a radio communication system in which two or more different radio communication fre- 
quencies can be used, of the electromagnetic waves generated from the portable radio communication device 20, the 
maximum value of the local average SAR (Specific Absorption Rate) to be absorbed into a specific portion of a human 
body (radiation to a human body) can be reduced. The portable radio communication device 20 has a conductive plate 

10 21 which can cope with two different radio communication frequencies. 

[0041] The conductive plate 21 also has its one end along the longitudinal direction connected to the shield case 2 
to form a short circuit via the conductor 7, and has its other end electrically opened from the shield case 2. The con- 
ductive plate 21 has a slit 22 which is formed by cutting off a part of the conductive plate 21 from the electrically opened 
end and slits 23a, 23b, 24a, and 24b near the conductor 7. That is, the conductive plate 11 has two plate portions 21a, 

« 21b combined near the conductor 7, one of which is of a length of L 3 and of a width of W 3 , and the other of whfch is 
of a length of L 4 and of a width of W 4 . In other words, the slit 22 separates the conductive plate 21 to form the two 
plate portions 21a, 21b. 

[0042] As is apparent from the first embodiment, by forming the slits 23a, 23b, 24a, and 24b on the conductive plate 
1 1 , the actual length of the conductive plate 21 can be less than a quarter of the wavelength of the radio communication 

20 frequency, while the effective length of the conductive plate 21 being a quarter of the wavelength of the radio commu- 
nication frequency. That is, since the slits 23a, 23b are formed, the L 3 between the short circuit forming end and the 
electrically opened end of the plate portion 21 a is less than a quarter of the wavelength A,1 of the first radio communi- 
cation frequency of 900 MHz. Similarly, since the slits 24a, 24b are formed, the L 4 between the short circuit forming 
end and the electrically opened end of the plate portion 21b is less than a quarter of the wavelength X2 of the second 

25 radio communication frequency of 1 .8 GHz. 

[0043] Thus, by forming slits of a predetermined shape on the conductive plate 21 . the length between the short 
circuit forming end and the electrically opened end can be less than a quarter of the wavelength of the radio commu- 
nication frequency. So, in reducing the portable radio communication device 20 in size, forming slits on the conductive 
plate 21 is very effective. On the other hand, the conductive plate 21 may have an opening slit shown in Fig.4 instead 

so of having the slits. 

[0044] As has been described above, by employing the conductive plate 11 shown in the second embodiment and 
the conductive plate 21 shown in the third embodiment, even though either of radio communication frequencies is used 
by the portable radio communication device in a radio communication system in which two different radio communi- 
cation frequencies can be used : of the electromagnetic waves generated from the portable radio communication device. 

35 the maximum value of the local average SAR can be reduced. 

[0045] In the first, second and third embodiments according to the present invention, the slits of any shape can be 
used as long as the effective length of the conductive plate becomes { (2n i 1)/4) times the wavelength of the radio 
communication frequency, wherein the "n M is a natural number including zero. That is, the effective length of the con- 
ductive plate is an odd multiple of a quarter of the wavelength of the radio communication frequency. So, the positions, 

40 depths and widths of the slits are not restricted to those shown in Fig.2, 3, and 4. 

[0046] The present invention is not to restricted to the above described embodiments, and various modifications can 
be possible without departing from the spirit and scope of the present invention. 

45 Claims 

1. An antenna device having an antenna element and a ground conductor which work as an antenna, in which the 
antenna element is fed via an antenna feeding portion and high-frequency current flows to the ground conductor 
via the antenna feeding portion, the antenna device comprising: 

so high-frequency current suppressing means being a conductive plate of a predetermined shape which has 

its one end along one direction connected to the ground conductor to form a short circuit and has its other end 
electrically opened from the ground conductor, 

wherein the high-frequency current suppressing means has slits each extends perpendicular to the one 
direction. 

55 

2. A portable radio communication device which has an antenna device having an antenna element and a ground 
conductor which work as an antenna, in which the antenna element is fed via an antenna feeding portion and high- 
frequency current flows to the ground conductor via the antenna feeding portion, 
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wherein a circuit board for transmitting/receiving signals is shielded by the ground conductor, and 
wherein the antenna device comprises high-frequency current suppressing means being a conductive plate 
of a predetermined shape which has its one end along one direction connected to the ground conductor to form 
a short circuit and has its other end electrically opened from the ground conductor, the high-frequency current 
suppressing means having slits each extends perpendicular to the one direction. 

The device as set forth in Claim 1 or 2. wherein each of the slits is formed by cutting off a part of the conductive 
plate from the side to the center thereof. 

The device as set forth in Claim 1 or 2, wherein the slits form an opening slit which is formed by cutting off a part 
of the conductive plate at a predetermined position thereof. 

The device as set forth in any preceding Claim, wherein the slits make the effective length of the conductive plate 
( (2n+1)/4) times the wavelength of a radio communication frequency, n being a natural number including zero. 

The antenna device as set forth in any preceding Claim, wherein the high-frequency current suppressing means 
consists of a first conductive plate corresponding to one radio communication frequency and a second conductive 
plate corresponding to another radio communication frequency. 

The antenna device as set forth in Claim 6, wherein at least the first conductive plate has slits each formed by 
cutting off a part of the first conductive plate from the side to the center thereof. 

The antenna device as set forth in any preceding Claim, wherein the high-frequency current suppressing means 
is so arranged as to face a portion of the ground conductor at which, of electromagnetic waves generated when 
the high-frequency current flows to the ground conductor, those to be absorbed into a human body become max- 
imum. 
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